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S~NOPSIS:

Partial underpinning is often not accepted because of dangerous damage that may be caused by the redistribuof stres~es _in the superstructure. A fi~e-storey building was partially underpinned successfully. To give stabillty to the bu1ld1ng only a small number of p1les, about 70% fewer than with the conventional method, were used. The results observed have proved the success of the partial underpinning.
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INTRODUCTION
Settlement observations
Just after the building was completed, serious settlements
were discovered, especially in the west section. Settlement
observations at 25 points started just after the completion
of construction and the result is shown in Fig. 1. The values of the maximum settlement and the maximum differential
settlement are both much larger than the allowable values
according to the Vietnamese Building Code. In July 1985,
just before underpinning was started, the maximum settlement was about 500 mm (point H15, see Fig. 1a), while. the
maximum differential settlement of the west section was
about 350 mm. The maximum rate of settlement, also at point
H15, was still rather high, about 6 mm or even more per
month.

Underpinning is an increasing need in the construction
field. Underpinning with piles must be performed if a majorpartofthesettlementsof a building is due to consolidation of soft soil, a frequent cause of damage to buildings. In Vietnam, the thickness of the soft soil layer
underlying the dry crust is commonly 15-20 min Hanoi, and
up to 30-40 m in Hai Phong and Ho Chi Minh City. The conventional underpinning method aims at totallyavoiding any
further settlement. Therefore, not only the damaged part
but also the rest of the building is often underpinned,
a safe but expensive solution. It should then be discussed
whether it might be possible to underpin only a part of
the building to reduce the rate of settlement to an acceptable level and to prevent further damage due to differential settlements. In many cases, especially when there is
a certain non-homogeneity of either the soil or the superstructure, this method may be successful. The partial underpinning method would be much cheaper than the conventional
method, possibly 30 to 50%. However, it is evident that
partial underpinning is very dangerous. Partial underpinning with piles means introducing more r.igid supports under
a part of the existing shallow foundation. By redistributing stresses in the superstructure, further damage may
be caused, e.g. by shear stresses, especially between the
underpinned part and the rest. Partial underpinning needs
more careful soil investigation and design, taking into
account the interaction between the soil and the building
structure.

In view of the existing soil conditions, the use of shallow
foundations for the five-storey brick building was inconvenient. The large settlements are due to relatively large
shear stresses and to consolidation of the weak soil layer,
the organic soil and the mud. The two upper layers, the
dry crust and the upper clay, can be considered to be relatively stiff. Between axes 14 and 15, where the total thickness of the two layers is smallest and the foundation depth
is lowest, the soil may locally yield. This is the main
reason for the large differential settlement of the building.
East sect ion

West section
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In this paper, the partial underpinning of a five-storey
brick masonry building, La Thanh Hotel in Hanoi, which has
seriously settled and tilted at a rather high rate, will
be presented. A simplified design method will also be introduced. The method has proved to be successful since the
settlement, distortion and tilting of the building so far
have been stopped with no further damage.
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DESCRIPTION OF BUILDING AND SOIL CONDITIONS
Building. La Thanh Hotel is located six kilometres west
of the centre of Hanoi . The building that required underpinning is a five-storey building of 8.4 m width and 50
m length in two sections separated by a gap. Construction
of the building started at the end of 1977 and was completed in October 1978. The building is a brick masonry building with cross-walls, assembled panel floors and reinforced
concrete frames along the corridors. The foundation consists of strip footings beneath the walls and isolated
footings beneath the columns of the corridor frames. The
strip footings are generally 1.20 m below the zero level
of the building.
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Fig. 1a Settlement curves (Dec. 1985).
1b Time-settlement curve.
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PARTIAL UNDERPINNING
Jacked concrete piles were chosen in order to give stability to the building. It was decided that only the west section of the building and furthermore only the most ser-iously settled part of the section should be underpinned. In
this way, the expansion of the differential settlement could
at least be reduced. It is evident that partial underpinning is very dangerous. By redistributing stresses in the
superstructure, further damage may be caused by shear stresses, especially between the underpinned part and the rest.
However, the rigidity of the superstructure foundation system is fairly high, which may be the main reason why there
are only a few small cracks. For safety purposes, strengthening beams were installed along the building.

Soil conditions
In March 1983, in order to find out the causes of the large
settlements, an additional soil investigation was made,
including a penetration tests and soil sampling in two boreholes. The soil layers can be described schematically as
follows:
1) Dry crust: the thickness varies from 1.5 to 2.5, sandy
clay with large quantities of broken brick, point
penetration resistance qc = 1.0 MPa, void ratio e =
= 0.71, angle of internal friction ¢ = 22°, cohesion
c = 10 kPa.
2) Upper clay: medium stiff. The thickness varies from
1.0 to 2.5 m, qc = 1.5-2.0 MPa, e = 1.30, ¢ = 10°,
c = 50 kPa.
3) Organic soil: plastic with a high organic content.
The thickness varies from 2.0 to 3.5 m, total penetration resistance is about 2.0 to 4.0-5.0 MPa, qc
< 1.0 MPa, e = 1.43, ¢ = 10°, c = 30 kPa. In this
layer there is a thin layer of peat of about half
a metre. The peat is very wet and porous and contains
rotting tree leaves.
4) Mud: underlies the organic soil layers, reaching to
a depth of 13 to 17 m. The mud contains much organic
matter, qc ~ 1.0 MPa, e = 1.65, ¢ = 8°, c = 25 kPa.
5) Lower clay: below a depth of 13 to 17 m, stiff clay.
The total penetration resistance is more than 10.0
MPa, while the point resistance is about 5.0 MPa.

In order to avoid any danger, the following underpinning
steps were suggested, see Fig. 3.
o Underpinning with Mega piles only in the part between
axes 13 and 15;
o observing regularly the development of settlements and
cracks;
o jacking down additional piles if further damage is found
in the superstructure. In this case, the partial underpinning becomes a complete underpinning with a varying
density of piles.
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The water table is found at a depth of 0.5 to 1.0 m. In
Fig. 2 two soil cross-sections are shown.

121121

'

I

121121 c 121 121

i

DO

I

I

-

E

P2 ~ 1 P9

P1

P3

121
l1l

~

a)

9

Fig. 3

P31

Soil cross section I-I

b)

P4

15.0

-14.5

------~~~~~~2_~~~---

®

Fig. 2

l1l

I

l1l
121

121,
121:

l1l

0

0

0

-0

l1l

oJ I~

0

16.0

Soil conditions.

~

7x3.6m=25.2m

t

NQ 2

a

N21

-·

11--

~ ~

Partial underpinning
a. Test piles
b. Piles already jacked
c. Piles will be jacked if necessary

Q = P-G

where
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METHOD OF DESIGN
Partial underpinning is reliable if the soil-structure interaction is taken into account in design. Although many
advances have been made in soil structure interaction analysis, e.g. Poulos (1981), it is rather difficult to apply
them to underpinning design. This is because partial underpinning is a time-dependent problem. Moreover, causes of
damage to buildings are often very complicated. In many
cases, damage may be caused by creep settlements or settlements due to local yielding that have not been very well
understood so far. For these reasons, a simplified method
of design was suggested and applied in this case. The building foundation system is considered as a beam on a deformed
foundation. When rigid supports, i.e. underpinning piles,
are placed only partially under the beam, it must be strong
enough to withstand the redistributed stresses, especially
the shear stress Q, at the cross-section between the underpinned part and the rest of the beam. Q can be determined
by the following expression:
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Notation: o penetration tests
® boring holes
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(1)

P = the load transferred to all piles.
G = the weight of the underpinned part, see
Fig. 4

Taking the same shear strength of concrete and steel as
above, Ge = 8,650 kN > Qmax· The design would have a high
enough safety factor even in the most dangerous case.

Underpinned part

1- \ -I
G

Equivalent beam

The above calculations would overestimate the maximum shear
stress, but they help to create a realistic attitude to
partial underpinning work. Similar analysis can be performed
for bending behaviour. Formasonrywalls, the overall stiffness along the length of the walls may be obtained from
Thorburn et al (1977).

p

SITE EXPERIENCE
At the construction site, with some exceptions, piles are
jacked down in pairs on both sides of the walls, outside
the old foundation and from the ground surface, see Fig. 5.
Compared with jacking piles from the bottom of the existing
foundation, this method has the following advantages:
o the working space for handling the rather heavy pile
segments is large and makes the work easier,
o installation is not affected by ground water whose level
is rather high at the site, and it can therefore be performed even during the rainy season,
o the necessary excavation is reduced to a minimum.

Firm layer

Fig. 4

Scheme of simplified calculation.

There will be three possible cases after the partial underpinning.
(a)
the non-underpinned part has no more settlement.
In this case P = G, thus Q = 0. No strengthening
beam will be needed.
(b)
(c)

the non-underpinned part has further settlement.
Thus P>G, and Q = 0. Strengthening may be needed.
the non-underpinned part continues to settle considerably. In the extreme case
Pmax

where

=n

· Pu

(2)

n = number of underpinning piles
Pu = ultimate bearing capacity of each pile

Thus,
Gmax

= n·Pu

- G

1) OLD l'OUIIDA'rlOW

(3)

2) LOAD TRUli!URIIIG B!JII
3) IIIIlRAULIC J4CE

To be safe, the equivalent shear resistance of the buildingfoundation-strengthening beam system, Qe, must be larger
than the shear stress
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8) 1!0111
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(4)

For a cross-wall structure, the shear resistance at a crosssection may be taken as the aggregate resistance of a 11 the
elements of the section, including brick walls, reinforced
concrete beams or slabs, foundation beams and strengthening
beams. The latter need to be designed. Because the shear
strength of a brick is very small, it can be neglected in
the analysis.

10) COftROL IZSI<

Fig. 5

Installation of jacked concrete piles.

Pile segments with a cross-section of 200 mm x 200 mm and
of 600 mm, which are easy to handle and quick to
J01n, were chosen. The segments are joined by a 30 mm diameter steel rod in the centre and two 12 mm diameter steel
locks at each joint. The central rods are 600 mm long, see
Fig. 6.

For the given case, the total area of concrete at the secbetween the underpinned part and the restifis abouht
7tio5n0
, 0 em2 with a total steel area of 102 cm2.
the s ear
strength of the concrete is about 0.3 kN/cm2 and the shear
strength of the steel is 17 kN/cm2, the equivalent shear
resistance of the beam, Qe will be:
Ge = 0.3 x 75,400 + 17 x 102 = 4,000 kN

~ ~ength

600

At the site, 23 piles were used with an average ultimate
capacity of each pile of about 450 kN, see the static load
test results. The estimated weight of the underpinned part
is about 4,000 kN. Thus Gmax = 23 x 450-4,000 = 6,350 kN.
Because Gmax > Ge• a .strengthening beam is needed.
600

It was decid~d to place four strengt~ening beams, each having
a cross-sect1~n of 65 em x 50 em w1th a steel reinforcement
area of 1~ em , along the axes B and H of the building,
on both s1des of the walls. These beams will also be used
as load transfer beams, if additional piles are needed.
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1) Central rod,4>32 mm
2) Steel lock, ~ 12 mm

Fig. 6
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Pile segment and pile joint.

The hydraulic jacks used for the underpinning work originally belonged to equipment for installing buildings of the
lift slab type. The load-transfer system consists of laddershaped reinforced concrete beams which stretch along both
sides of the walls and lie across the walls where piles
are located, Fig. 3.

Discussion
o

At the site, the load transfer system was first concreted
section by section. The jack system was then installed by
joining the anchor rods with the embedded tiebacks in the
load transfer beams, see Fig. 5. Piles were jacked down
into the soil segment by segment through the prefabricated
holes in the beams until the jacking force reached a predicted value. An average of four piles were jacked down
at the same time. After all piles had been jacked down,
they were simultaneously fixed to the load transfer system
without any prestressing.

o

o

In June 1984, the first two piles were installed as test
piles. After construction of the load transfer system, from
October to December 1985, the next 21 piles with a total
length of about 400 m were installed. The length of the
piles ranges from 13.2 to 15 m. The jacking force used during the installation varied from 360 to 410 kN. The time
for jacking each pile was about 24 hours on average, including breaks. The rate of settlement had not decreased
by the time the piles were fixed. So far, the settlement
and tilting of the building have been stopped and no more
cracks have appeared. No additional piles were needed and
the partial underpinning has proved to be successful.

o

CONCLUSIONS
1.
Partial underpinning is a method that allows a cost
saving of 30 to 50% in comparison with the conventional method, in the given case, about 50%. To avoid any
danger due to the redistribution of stresses, especially shear stresses in the superstructure, strengthening beams should be used.
2.
Partial underpinning would be successful in buildings
damaged by local subsidence that may be caused by differential clay shrinkage, removal of lateral support
from the ground beneath the foundation, or differential consolidation where the basements provide deep
foundations under part of a building. This method can
also be applied to preventive work.
3.
The simplified calculation method suggested above can
be used if design is to be on the safe side. The partial underpinning method is reliable if the soil-structure interaction is taken into account in the design.
Furthermore, piles should be designed as "settlement
reducers". This wi 11 further reduce the number of piles.

STATIC LOAD TESTING
Static load tests were carried out on two piles using the
quick maintained load test, the ML method. In this method
of testing, the load is increased every fifteen minutes
by a constant amount, approx. 5% of the estimated ultimate
load. Dial gauges are read 3, 6, 9, 12 and 15 mins. after
application of a new load increment. In Fig. 7 the test
results are shown for piles Nos. 1 and 2. For pile No. 1,
failure was reached at a load of 480 kN. The creep load
evaluated by the creep load curves with reading between
9-15 mins. is about 450 kN. For pile No. 2, the ultimate
load is 420 kN, while the creep load is about 390 kN.
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The ultimate bearing capacity of a pile predicted from
CPT-tests is in good agreement with the value received
from a static 1oad test. Based on CPT tests, the 1ength
of the pile can be predicted with fairly high accuracy.
Using the jacking force-depth curves plotted during
installation, the base resistance of the pile can be
evaluated as the difference between the maximum jacking
force and the force just before reaching the hard clay
layer.
There is a certain relation between the ultimate load
and the maximum jacking force used during installation.
Using a number of typical load tests, this ratio can
be determined reasonably exactly and the ultimate load
can therefore be predicted for each pile with good
accuracy.
The ratio between the creep load and the ultimate load
is slightly more than 0.9. According to the Swedish
Building Code, this ratio is normally about 0.9.

Lood I kN l

8
Creep 9-15 min (mm)

Load lkNJ

Results from static load test using the ML-method.
a, b Pile No.1
c, d Pile No.2

Second International Conference on Case Histories in Geotechnical Engineering
Missouri University of Science and Technology
http://ICCHGE1984-2013.mst.edu

1172

